Supporting Information

NBO setup
Two NBO calculations were performed for each protonation state. For the remainder of the NBO methods, we will refer to them as NBO-1-X and NBO-2-X where X is the protonation state. NBO-1 is uniform for all link atoms and residues for all protonation states, however the inclusion of water molecules differs for each protonation state. This is also true for the NBO-2 calculations. All link atom cuts were chosen between carbon-carbon bonds to strategically include all atoms interacting with benzylpenicillin. n/a n/a II n/a n/a III 373 n/a IV n/a n/a V 372 8725 VI 103 8502, 9312, 6401, 6421, 6990 n/a n/a Gly300 N HN CA HA1 HA2 C O (all) n/a n/a Thr301 N HN CA HA CB HB OG1 HG1 CG2 HG21 HG22 HG23 C O (all) n/a n/a Val302 N HN CA HA CA (two cuts) C, CB Figure S1 : The figure shows the placement of waters in the NBO calculations.
Beta-Lactamase NBO Setup
The beta-lactamase calculations were broken up into four NBO calculations.
The first table includes the waters for each protonation state included in the QM region. The following tables show all atoms included in the QM region by type for each residue. Additionally, information about the link atoms and cuts are included. Not applicable was denoted by n/a. 274, 37, 53, 133 7874, 893, 964, 2416, 3413, 1736, 1399, 1726, 3526, 363, 6136, 1112, 5399, 1384, 3355, 1944, 3266, 6421, 3527 n/a n/a Gly236 N HN CA HA1 HA2 CA C 
